The genus Deinococcus includes the species Deinococcus radiodurans, Deinococcus proteolyticus, Deinococcus radiophilus, and Deinococcus radiopugnans. The species Deinococcus erythromyxa was also included in this genus as a species incertae sedis by Brooks and Murray (3). The rod-shaped organisms of the species Deinococcus grandis are very closely related to the species of the genus Deinococcus, but were classified in the genus Deinococcus primarily on the basis of morphology (36). Recently, the type strains of these species were subjected to a complete 16s ribosomal DNA (rDNA) sequence analysis, which resulted in the reclassification of Deinococcus grandis and Deinococcus erythromyxa (41). The species Deinococcus grandis, despite its rod-shaped morphology, falls within the radiation of the genus Deinococcus and for this reason was classified as Deinococcus grandis. The species Deinococcus erythromyxa was known by Brooks and Murray (3) to have characteristics that were different from those of the other species of Deinococcus, and subsequent studies confirmed its chemotaxonomic distinctiveness, which reinforced the need for reclassification of this species (12). The species Deinococcus erythromyxa has been found to be phylogenetically very closely related to the gram-positive species Kocuria rosea, but due to the low DNA-DNA hybridization values between the two species, Kocuria erythromyxa was maintained as a separate species
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The species of the genus Deinococcus are strictly aerobic, have optimum growth temperatures in the range from 25 to 35"C, produce reddish colonies, generally stain gram positive, have ornithine in the peptidoglycan, lack teichoic acids, possess menaquinone 8 as the major respiratory quinone, and are (41) .
phylogenetically related to the thermophilic species of the genera Thermus and Meiothermus (13, 17, 35, 53) . The most striking characteristic of the species of this genus is their extreme resistance to UV and gamma radiation. For this reason UV or gamma radiation has been used to isolate most of the organisms of the genus Deinococcus from foods, feces, soils, and dust (1, 8, 19, 22, 24, 28, 36) . The small number of strains isolated without irradiation of samples demonstrates that the extreme radiation resistance of the organisms is not a result of selection of resistant strains by irradiation, but is a normal characteristic, which is believed to be related to the desiccation resistance of these organisms (29) . Gamma irradiation of exponential-phase cultures of strains of Deinococcus radiodurans shows that there is virtually no decrease in viable counts at doses of 4 to 5 kGy (33), and survivors are routinely recovered from cultures exposed to as much as 20 kGy (1, 20) . The extreme gamma radiation resistance of the species of this genus is due to a very efficient repair system for double-strand breaks in the DNA, while the UV resistance is conferred by two nucleotide excision repair pathways acting simultaneously (31) .
We recently isolated several orange-pigmented strains with spherical cells from hot springs and hot spring runoffs with temperatures ranging from 48 to 57°C in central Portugal and from Agnano, Naples, Italy. The isolates from Agnano and the first isolates from Portugal were obtained from nonirradiated samples. Later, samples from the Portuguese hot springs were irradiated, which led to the isolation of additional strains. Biochemical, chemotaxonomic, and morphological characteristics, gamma radiation resistance, and phylogenetic analysis show that the isolates represent two new species of the genus Deinococcus with optimum growth temperatures of about 45 to 5OoC, for which we propose the names Deinococcus geothermalis and Deinococcus murrayi.
MATERIALS AND METHODS
Isolation and bacterial strains. Strain ALT-lbT was isolated from the hot spring at Alcafache in central Portugal, strain RSG-1.2 was isolated from SBo 940 FERREIRA ET AL.
Gemil in central Portugal, and strains RSPS-2a, RSPS-Sa, RSPS-Sc, and RSPS-7a were isolated from SSo Pedro do Sul in central Portugal. Strains AG-3aT, AG-4a, AG-Sa, AG-6a, and AG-7a were isolated at the Termi di Agnano, Naples, Italy. The strains whose designations begin with R were isolated after irradiation of samples with a cobalt 60 source at a dose of 8.06 kGy and a rate of 1.5 kGy h-I. Water samples were transported without temperature control and were filtered through membrane filters (Gelman type GN-6; pore size, 0.45 km; diameter, 47 mm). The filters were placed on the surfaces of agar plates; the plates were wrapped in plastic bags and incubated at 45°C for up to 7 days. The strains whose designations begin with AG-and strains ALT-lbT, RSPS-2a, and RSG-1.2 were isolated on plates containing solidified Thermus medium (54), while strains RSPS-Sa, RSPS-Sc, and RSPS-7a were isolated from plates containing R,A medium (44) . Cultures were purified by subculturing and were kept at -80°C in Thermus medium containing 15% glycerol.
Deinococcus radiodurans DSM 20539T, Deinococcus (Deinobacter) grandis DSM 3963T, Deinococcus proteolyticus DSM 20540T, and Deinococcus radiophilus DSM 20551T were obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen, Braunschweig, Germany; Deinococcus radiopugnuns ATCC 19172T was obtained from the American Type Culture Collection, Rockville, Md. These type strains were maintained in growth medium 53 as described in the DSM Catalogue of Strains (10) at -80°C in the presence of 15% glycerol.
Morphological, biochemical, and tolerance characteristics. Cell morphology and motility were examined by phase-contrast microscopy during the exponential growth phase in Degryse medium 162. Cell dimensions were determined by using an ocular micrometer calibrated with a stage micrometer. Catalase activity was determined by the formation of bubbles with a 3% hydrogen peroxide solution; oxidase activity was determined by the oxidation of 1% aqueous tetramethyl-pphenylenediamine on filter paper at room temperature. The presence of spores was determined after 7 days of growth on Degryse medium 162 without tryptone to which 10 g of soluble starch per liter was added. Biochemical and tolerance tests were performed at 47°C for up to 7 days as described previously (27, 46) in liquid or solidified Degryse medium 162 at the appropriate pH containing 2.5 g of yeast extract per liter and 2.5 g of tryptone per liter (9) . The pH range for growth was examined in this medium by using 12 mM citrate-phosphate buffer temperature range for growth of strains AG-3aT, AG-Sa, and RSPS-2a was examined in medium adjusted to pH 6.5, while the medium for strains ALT-lbT, RSG-1.2, and RSPS-7a was adjusted to pH 8.0 before autoclaving. Growth was examined by measuring the turbidity (at 610 nm) of cultures grown in 300-ml metal-capped Erlenmeyer flasks containing 100 ml of medium in a reciprocal water bath shaker.
Single-carbon-source assimilation tests were performed in a minimal medium composed of Degryse basal salts medium 162 containing 0.1 g of yeast extract per liter to which filter-sterilized carbon sources (2.0 g liter-') and ammonium sulfate (0.5 g liter-') were added. Growth was examined by measuring the turbidity, for up to 7 days, of cultures incubated at 47°C in 20-rnl screw-cap tubes containing 10 ml of medium. Positive and negative control cultures were grown in Degryse medium 162 and in minimal medium containing only ammonium sulfate and yeast extract.
Electron microscopy. Cultures were grown at 47°C for 24 h in Degryse medium 162, adjusted to the appropriate pH for each species, washed by centrifugation, prefixed for 16 h at room temperature in 2.5% glutaraldehyde in 0.1 M cacodylate buffer at pH 7.2, washed in the same buffer, and fixed in 1% OsO, in Veronal-acetate buffer (pH 6.2) containing 10.0 mM NaCl and 10.0 mM CaCI, for 16 h at room temperature (48) . The cells were washed in water and postfixed for 30 min at room temperature in 1.0% uranyl acetate. The pellets were dehydrated with ethanol and embedded in Epon. Ultrathin sections were double contrasted with uranyl-lead (48) or by a modification of the ThiCry method for detection of periodic acid-Schiff-positive material indicative of polysaccharidecontaining material (49) .
Radiation resistance. Bacteria were grown in the appropriate liquid medium until the exponential phase of growth, washed once by centrifugation at 4"C, and resuspended to a concentration of 1 X lo7 to 1 X lo8 CFU/ml in 0.067 M potassium phosphate buffer at pH 7.0. The suspensions were divided into 5-ml aliquots and exposed to a cobalt 60 source with a dose rate of 1.34 kGy h-' (1 kGy = 1 X lo5 rads) at room temperature. At appropriate intervals, 0.1 ml of each suspension was removed and diluted in the same buffer, and 2O-kl portions of several dilutions were placed, in triplicate, on plates of Degryse medium 162 adjusted to the optimum pH for the growth of each organism. The plates containing the type strain of Deinococcus radiodurans were incubated at 30°C, the plates containing strains AG-3aT and ALT-lbT were incubated at 47"C, and the CFU were counted daily for up to 15 days. Viability was assessed by using unirradiated suspensions of each strain maintained under the same conditions. Peptidoglycan analysis and polar lipid, lipoquinone, and fatty acid compositions. Preparation of peptidoglycan and determination of peptidoglycan structure were carried out as described by Schleifer and Kandler (47) . Freeze-dried cells (1 mg) were hydrolyzed in 0.2 ml of 4 N HC1 at 100°C for 16 h (total hydrolysate) and for 45 min (partial hydrolysate). Diamino acid contents were determined by one-dimensional thin-layer chromatography on cellulose plates with a methanol-pyridine-water-10 N HC1 (32:4:7:1, vol/vol/vol/vol) solvent system. Amino acids and peptides were identified after two-dimensional thin-layer chromatography performed with the solvent systems of Schleifer and Kandler (47) by their mobilities and staining properties with ninhydrin.
The cultures used for polar lipid analysis were grown in 1-liter Erlenmeyer flasks containing 200 ml of Degryse medium 162 at 47°C in a reciprocal water bath shaker until the late exponential phase of growth. Harvesting of the cultures, extraction of the lipids, and two-dimensional thin-layer chromatography were performed as described previously (11, 37).
Lipoquinones were extracted from freeze-dried cells and were purified by thin-layer chromatography as described by Tindall (52) . The lipoquinones were separated with a Gilson high-performance liquid chromatograph by using a reverse-phase (RP18) Spherisorb S5 ODs2 column and methanol-heptane (10:2, vol/vol) as the mobile phase and were detected at 269 nm.
The cultures for fatty acid analysis were grown on Degryse medium 162 plates in sealed plastic bags submerged in a water bath at 47°C for the strains of the new species and at 30°C for the type strains of the previously described Deinococcus spp. Fatty acid methyl esters were obtained from fresh wet biomass by saponification, methylation, and extraction as described previously (23) . Fatty acid methyl esters were separated with a Hewlett-Packard model 5890 gas chromatograph equipped with a flame ionization detector fitted with a 5% phenyl-methyl silicone capillary column (type Ultra 2; 0.2 mm by 25 m; Hewlett-Packard). The carrier gas was high-purity H,; the column head pressure was 60 kPa; the septum purge rate was 5 ml min-'; the column split ratio was 55:l; and the injection port temperature was 300°C. The temperature of the oven was programmed to increase from 170 to 270°C at a rate of 5°C min-'. Identification and quantification of the fatty acid methyl esters, as well as the numerical analysis of the fatty acid profiles, were performed by using the standard MIS Library Generation software (Microbial ID, Inc., Newark, Del.).
Gas chromatography-mass spectrometry. The identities of the fatty acid methyl esters were confirmed by gas chromatography-mass spectrometry performed with a model MS80 RFA mass spectrometer (Kratos, Ltd., Manchester, United Kingdom) interfaced to a Carlo Erba model 5160 capillary gas chromatograph fitted with a type BPX-5 column (0.2 mm by 25 m; SGE, Ltd., Milton Keynes, United Kingdom) which terminated in a combined electron ionizationchemical ionization source. The carrier gas was helium at a flow rate of 0.7 ml min-'. The injector and interface ovens were maintained at 250"C, and samples, dissolved in trimethylpentane, were introduced with a 5-pJ syringe through a septumless JADE value injection system (Jade Systems, Inc., Austin, Tex.). A splitless injection technique was used (30-s splitless time) at an initial oven temperature of 80°C. One minute after injection the column oven temperature was programmed to increase to 200°C at a rate of 40°C min-l and then to increase from 200 to 250°C at a rate of 4°C min-'. Spectra were recorded under the control of a Sun Microsystems SPARCstation IPX by using Mach-3 instrument control and data-processing software (Kratos, Ltd.). The instrument was operated at 1,000 resolution and was scanned at 0.6 s per decade of mass over the range from 550 to 40. Electron ionization spectra were recorded at an ionization energy of 70 eV and a trap current of 100 mA at a source temperature of 250°C.
Determination of G+C content of DNA. The DNA was isolated as described by Cashion et al. (7) . The G + C content of the DNA was determined by highperformance liquid chromatography as described by Mesbah et al. (30) .
16s rDNA sequence determination and phylogenetic analyses. Genomic DNA extraction, PCR amplification of the 16s rDNA, and sequencing of the PCR products were carried out as described previously (43) . Sequence reaction products were electrophoresed by using a model 373A automated sequencer (Applied Biosystems, Foster City, Calif.). The ae2 editor (26) was used to align the 16s rDNA sequences obtained in this study with the previously determined Deinococcus and Thermus sequences available from the public databases. The method of Jukes and Cantor (21) was used to calculate evolutionary distances. Phylogenetic dendrograms were generated by using various treeing algorithms contained in the PHYLIP package (14).
Nucleotide sequence accession numbers. The 16s rDNA sequences determined in this study have been deposited in the EMBL database under the following accession numbers: strain AG-3aT, Y 13038; strain AG-Sa, Y 13039; strain RSPS-2a, Y13040; strain ALT-lbT, Y13041; strain RSG-1.2, Y13042; and strain RSPS-7a, Y13043. The strain designations and accession numbers of the 16s rDNA reference sequences used in the phylogenetic analyses are as follows: about 6.4 to 6.9 at the Termi di Agnano near Naples, Italy. The hot spring sites at S5o Gemil, Alcafache, and Sdo Pedro do Sul in central Portugal had alkaline pH values ranging from 8.6 to 8.9 and temperatures of 48, 50, and 50 to 55"C, respectively. The strains from Agnano and the initial isolates from Alcafache were recovered from samples of water and biofilms without irradiation, but the other samples from Portugal were subsequently irradiated.
The isolates had optimum growth temperatures of about 45 to 50°C (Fig. la) , but very different pH ranges; strains AG-3aT, AG-Sa, and RSPS-2a had a pH range of about 4.5 to 8.5, with an optimum pH for growth of 6.5, while strains ALT-lbT, RSG-1.2, and RSPS-7a had a pH range of about 5.5 to 10.0, with an optimum pH of about 8.0 (Fig. lb) .
All of the isolates formed orange-pigmented spherical cells that stained gram positive, and cells dividing as tetrads were very common in both species. Transmission electron microscory showed that the cytoplasmic membrane of strain ALTl b had a typical three-layered profile with a symmetric geometry (Fig. 2a) . The cell wall was multilayered; the innermost layer (Ll) had a loose appearance, but remained bound to the outer wall components upon plasmolysis of the cells (data not shown). The intermediate layer (L2) was electron dense and was similar to the peptidoglycan layer in gram-positive bacteria. There was also an outermost component (L3) composed of two to three layers that appeared to be detached and broken in some places (Fig. 2b) .
The envelope of strain AG-3aT consisted of a three-layered asymmetric cytoplasmic membrane surrounded by a gram-positive-like cell wall with an innermost highly electron-dense layer and an corrugated outer surface. Growth on solid medium was shown to produce a fibrous periodic acid-Schiffpositive capsular layer surrounding and interconnecting adjacent cells (Fig. 2c) . This surface structure was not seen in bacteria grown in liquid medium.
The new slightly thermophilic Deinococcus spp. isolates had many biochemical characteristics in common, including the ability to hydrolyze proteins and Tween 40, the ability to reduce tellurite (0.1%, wt/vol), and the ability to grow in the presence of 1% (wt/vol) NaC1, but several characteristics distinguished the two species (Table 1) . These characteristics were primarily found in the assimilation of single carbon sources. Strains AG-3aT, AG-Sa, and RSPS-2a grew better in the minimal medium chosen for assessment of carbon source assimilation than strains ALT-lbT, RSG-1.2, and RSPS-7a and used a larger number of substrates. In fact, arginine was the only carbon source assimilated by strains ALT-lbT, RSG-1.2, and RSPS-7 that was not utilized by AG-3aT, AG-Sa, and RSPS-2a. Strains ALT-lbT, RSG-1.2, and RSPS-7a required yeast extract for growth, while strains AG-3aT, AG-Sa, and RSPS-2a did not.
Peptidoglycan analysis and polar lipid, quinone, and fatty acid compositions. The peptidoglycan of strains AG-3aT and ALT-lbT contained ornithine, glutamic acid, alanine, and glycine at a molar ratio of 1:1:2:2 to 3. The results of the analysis of the partial hydrolysates of the peptidoglycan were compatible with type A3P (L-Om-Gly,-,) defined by Schleifer and Kandler (47) . The major respiratory lipoquinone of strains AG-3T, AG-Sa, ALT-lT, and RSG-1.2 was menaqyjnone 8. The polar lipids of the strains of both new species were dominated by phosphoglycoli ids. The strains of the species represented by strain AG-3a also had three glycolipids and two phosphoglycolipids that could not be detected in the strains of the species represented by strain ALT-lbT (Fig. 3) .
Fatty acid methyl esters were separated by gas chromatography, and their identities were confirmed by gas chromatography-mass spectrometry ( Table 2 ). The fatty acids of strains AG-3aT, AG-4a, AG-Sa, AG-6a, AG-7a, and RSPS-2a were dominated by 15:O is0 and 17:O iso, while unsaturated fatty acids were minor components. Strains ALT-lbT, RSG-1.2, RSPS-Sa, RSPS-Sc, and RSPS-7a, on the other hand, had large relative proportions of unsaturated fatty acids that accounted for more than 40% of the total fatty acids. However, the latter strains, in contrast to the former strains, had two slightly different fatty acid compositions, both of which were distinct from the fatty acid composition of the former strains. The predominant fatty acid of these strains had an equivalent chain length slightly shorter than that of methylhexadecanoic acid, and its molecular ion at mlz 282 was consistent with a monounsaturated heptadecanoic acid. The presence of fragment ions at mlz 227, 195, and 177 identified this fatty acid as 15-methylhexadecanoic acid (17:l iso) (2). The equivalent chain length of 16.419 was consistent with identification of this fatty acid as 17:l 09c iso. The majority of the type strains of the mesophilic species possessed large relative proportions of unsaturated fatty acids, and these proportions were especially high in Deinococcus grandis.
Radiation resistance. The survival curves of the type strain of Deinococcus radiodurans, AG-3aT, and ALT-lbT had sigmoid shapes (Fig. 4) . The shoulder doses (the doses required before reduction in the CFU) of the type strain of Deinococcus radiodurans and ALT-lbT were 5.4 and 7.3 kGy, respectively. The doses required to reduce the number of viable units after the shoulder to 10% were 3.2 and 1.8 kGy, respectively. Strain AG-3aT was less resistant than the type strain of Deinococcus radiodurans and ALT-lbT; the shoulder dose for this strain was about 3.7 kGy, and the dose required to reduce the number of viable units after the shoulder to 10% was 1.4 kGy.
16s rRNA gene sequence analysis. Full 16s rDNA sequences that were 1,472 or 1,473 nucleotides long were determined for six of the isolates. A n initial comparison of the 16s rDNA sequences determined for strains AG-3aT, AG-Sa, RSPS-2a, ALT-lbT, RSG-1.2, and RSPS-7a with the sequences f INT. J. SYST. BACTERIOL. of representatives of the main bacterial lines of descent indicated that the former strains fell within the radiation of the Deinococcus-Thermus lineage. A more detailed analysis based on a data set comprising 1,406 unambiguous nucleotides between positions 27 and 1530 (Escherichia coli positions [4] ) showed that the new isolates are most closely related to members of the genus Deinococcus (Fig. 5) . The six strains for which 16s rDNA sequences were determined formed a new lineage a-Galactosidase P-Galactosidase
Utilization of: comprised of two clusters. One cluster contained strains AG3aT, AG-Sa, and RSPS-2a, while strains ALT-lbT, RSG-1.2, and RSPS-7a formed the second cluster. The 16s rDNA sequence similarity values between the new isolates and the other Deinococcus species were in the range from 88.1 to 91.7%. The 16s rDNA sequence similarities to Themus and Meiothemus species were less than 81%. The 16s rDNA sequence similarities between the two clusters of new isolates were in the range from 92.1 to 92.4%, while within the clusters the similarity values ranged from 99.1 to 99.9% (data not shown).
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G+C content of the DNA. The G + C contents determined for the new isolates are as follows: AG-3aT, 65.9 mol%; RSPS2a, 67.8 mol%; AL,T-lbT, 69.9 mol%; RSG-1.2, 70.6 mol%; and RSPS-7a, 70.0 mol%.
DISCUSSION
The results presented here clearly show that the isolates from hot springs at Agnano, Italy, and from central Portugal belong to two new species of the genus Deinococcus. The results of the 16s rDNA sequence analysis show that the new isolates are members of the Themus-Deinococcus lineage and fall within the radiation of the species comprising the Deinococcus lineage. These isolates represent two additional and distinct branches of the Deinococcus lineage, as reflected in the phylogenetic dendrogram and the 16s rDNA sequence similarity values. The levels of 16s rDNA sequence difference between the two strain clusters (7.6 to 7.9%) are within the range found between Deinococcus species (4.6 to 10.0%) and, therefore, reflect the novel species status of the two clusters of new isolates (41) . The G + C values of the two new species are very high and within the range found for the other species of the genus Deinococcus, as well as species of the genera Thermus and Meiothemus (51).
The presence of ornithine in the peptidoglycan, the presence of menaquinone 8 as the major lipoquinone, the polar lipid pattern, and the fatty acid composition corroborate the results of the 16s rDNA sequence analysis, showing that the new isolates are very closely related to the species of the genus Deinococcus. The fatty acids of the majority of the species of the genus Deinococcus are dominated by unsaturated fatty acids, although Deinococcus radiopugnans possesses large relative proportions of saturated branched-chain fatty acids (12). The major fatty acids of the species represented by the Agnano strains and strain RSPS-2a are saturated iso-and anteisobranched acids, while the levels of unsaturated fatty acids are very low. However, the low levels of unsaturated fatty acid in this species do not appear to reflect the high growth temperatures of the strains, since the strains of the other species have very high levels of unsaturated fatty acids.
The gamma radiation resistance of the type strains of the two new species shows that, at present, all species of the genus Deinococcus possess this characteristic. The radiation resistance values obtained in this study for Deinococcus radiodurans were comparable to those obtained previously for this organism (32, 33) . The different radiation resistance of strains AG3aT and ALT-lbT may not reflect a taxonomic distinction between the two species, but may be due to differences among D. radioduransl strains, as was shown for several strains assigned to Deinococcus radiopugnans (28) .
Other radiation-resistant bacteria unrelated to Deinococcus spp. are known; these include Rubrobacter radiotolerans (50, 56) , Acinetobacter radioresistens (34), and Methylobacterium radiotolerans (16). To our knowledge, R. radiotolerans is the only radiation-resistant species previously isolated from a hot spring that, interestingly, was described as radioactive (50, 56) . Strains similar to this species and to Rubrobacter xylanophilus, originally isolated from a thermally polluted effluent (6), have also been isolated recently from the hot spring at Sio Pedro do Sul after gamma radiation of the samples, leading to speculation that some radiation-resistant species can be found in hot springs (15). This is the first report of isolation of species of the genus Deinococcus from hot springs. Moreover, it is interesting to note that the species represented by strains AG-3aT and AG-5a is slightly acidophilic, and most of the strains of this species were isolated from the hot springs at Agnano, where the pH is about 6.5, while slightly alkaliphilic strains ALT-lbT, RSPS-7a, RSPS-Sa, RSPS-Sc, and RSG-1.2 of the other species were isolated from alkaline hot springs in Portugal. The most intriguing aspect, however, was the isolation of strain RSPS-2a from a Portuguese site with pH values of about 8.6, leading to speculation that slightly acidophilic strains can colonize microenvironments of alkaline hot springs, such as biofilms, where the pH is lowered by other organisms.
The phylogenetic relationships among some Deinococcus species, Deinobacter grandis (reclassified as Deinococcus grandis [41] ), and species of the genera Themus and Meiothemus have been demonstrated previously by 16s rRNA catalog data (17) and full 16s rRNA-rDNA sequence analyses (13, 35, 53) . The recent phylogenetic study of Rainey et al. (41) demonstrated that all species of the genus Deinococcus except the misclassified organism Deinococcus elythromyxa (now Kocuria elythromyxa) are phylogenetically related and from a sister lineage to that comprised of the species of the genera Themus and Meiothemus. The stability of the relationship between these two lineages was substantiated by a full phylogenetic analysis and testing of the robustness of the phylogenetic dendrograms by bootstrap analyses (41) . Until the isolation of the strains described in this study, the Deinococcus branch of the Deinococcus-Themus lineage contained only mesophilic organisms, while the Themus-Meiothemus branch was exclusively composed of thermophilic strains. The Deinococcus lineage now comprises both mesophilic and slightly thermophilic representatives, a situation seen in other main lineages of the Bacteria, such as the spirochetes (39), the clostridia (42), the bacilli (40) , and the green nonsulfur bacteria (55) . Such mixed lineages are in contrast to the deeply branching lineages whose representatives are exclusively thermophilic or slightly thermophilic, such as the order Themotogales (IS), the order AquiJicales (5), the genus Dictyoglomus (25) , and the genus Coprothemobacter (38). The grouping of thermophilic strains with the Deinococcus-Themus lineage also provides support at the physiological level for the phylogenetic relationship among members of the genera Deinococcus, Themus, and Meiothermus.
On the basis of the results presented in this study, the species Deinococcus geothemalis is proposed for strains AG-3aT, AG-5a, and RSPS-2a and the species Deinococcus murrayi is proposed for strains ALT-lbT, RSG-1.2, and RSPS-7a. The DNA of strain ALT-lbT has a G + C content of 69.9 mol%. This bacterium was isolated from the hot spring at Alcafache in central Portugal. Strain ALT-lbT has been deposited in the Deutsche Sammlung von Mikroorganismen und Zellkulturen, Braunschweig, Germany, as strain DSM 1 1303T. Strains RSG-1.2 (= DSM 11304) and RSPS-7a (= DSM 11305) are reference strains of this species.
Description of

